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Description 

CONTROL SYSTEM FOR A HYBRID 
ELECTRIC VEHICLE POWERTRAIN 

Cross Reference to Related Applications 

[0001] This application relates to U.S. Patent Application Serial 

No. 10/248,886, filed February 27, 2003, entitled "Closed- 
Loop Power Control System for Hybrid Electric Vehicles", 
which is assigned to the assignee of this application. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] The invention relates to a control system for a hybrid 

electric vehicle powertrain having an engine and an elec- 
tric motor with either a parallel or a series power flow 
path. 

[0004] 2. Background Art 

[0005] Powertrains for known hybrid electric vehicles include an 
internal combustion engine, which functions as a first 
power source, and a high voltage induction motor with a 



battery, which function as a second power source. The 
power sources may be part of a powertrain with parallel 
power flow paths or a series power flow path. In parallel 
hybrid powertrains, an engine, a motor, a generator and a 
battery, together with gearing, define a first power deliv- 
ery configuration. A second power delivery configuration 
comprises only the motor, the generator and the battery, 
together with gearing. 

[0006] The generator in a parallel hybrid powertrain is driven by 
the engine in a first mechanical power flow path that is 
established between the engine and the transmission 
torque output shaft. A second power flow path is an elec- 
trical power flow path, which distributes power from the 
engine to the generator, the latter driving the torque out- 
put shaft through the gearing. With the generator and the 
motor operating in this configuration, they together es- 
tablish a continuously variable ratio, electromechanical 
transmission system. 

[0007] A fully mechanical power flow path can be established by 
braking the generator as engine power is transmitted with 
a fixed gear ratio through the gearing. 

[0008] A hybrid powertrain with a series power flow path includes 
an engine mechanically connected to a generator, an elec- 



trie motor electrically coupled to the generator, and 
torque output gearing mechanically connected to the mo- 
tor. 

[0009] The powertrains comprising of the present invention have 
features that are common to the features of the hybrid 
electric vehicle powertrain disclosed in the co-pending 
patent application identified above, which is assigned to 
the Assignee of the present invention. Reference may be 
made to that co-pending application for the purpose of 
supplementing this disclosure. The disclosure of the co- 
pending application is incorporated in this disclosure by 
reference. 
Summary of Invention 

[0010] One embodiment of a powertrain that includes the present 
invention has an internal combustion engine power source 
and a motor-generator with a battery power source. The 
engine and the battery function together seamlessly as 
torque is delivered through a gear system to vehicle trac- 
tion wheels. The performance limits of the battery subsys- 
tem are not exceeded as the driver's demand for power is 
met by the two power sources acting together. Total pow- 
ertrain efficiency is optimized without sacrificing power- 
train performance. 



[0011] Another embodiment of a powertrain for a hybrid electric 
vehicle that includes the present invention is a so-called 
series hybrid powertrain, which has a generator connected 
directly to an engine and an electric motor connected di- 
rectly to the torque input side of a transmission, the trac- 
tion wheels being connected drivably to the torque output 
side of the transmission. The battery acts as an energy 
storage medium for the generator, which is coupled to the 
motor. 

[0012] The control system for the present invention prevents the 
battery limits from being exceeded, either during dis- 
charge or during charging. This is accomplished by coor- 
dinating the control functions in a closed-loop fashion as 
power is delivered to the vehicle traction wheels from the 
two power sources in response to a driver demand for 
power. 

[0013] The power demand may involve a battery power request 
wherein the battery is charged or discharged. The driver's 
demand for power takes into account the engine charac- 
teristic torque and speed relationship. Preferably, a torque 
and speed relationship is established at a point that will 
achieve maximum powertrain efficiency. The driver's de- 
mand for torque also takes into account generator and 



motor losses. 

[0014] An actual hybrid electric vehicle powertrain, when in oper- 
ation, is subject to environmental factors and manufactur- 
ing variables that affect performance and efficiency. Be- 
cause of this, there will be differences between the actual 
engine characteristics and the engine characteristics de- 
termined by a vehicle system controller. There are also 
differences between the actual losses during operation 
and the static losses for the generator and the motor. 
These differences may result in a vehicle system controller 
command that requests insufficient power from the en- 
gine during transient operating periods, which in turn 
would require the battery to compensate for a shortcom- 
ing in the power available from the engine. It also may re- 
sult in commands that result in excess power from the 
engine, which in turn would result in unnecessary charg- 
ing of the battery. Regardless of whether the battery is 
charged or discharged at levels higher than intended, bat- 
tery life would be adversely affected. 

[0015] The present invention makes it possible to provide for 
battery power feedback that will correct engine power 
during operation thereby keeping battery usage within the 
intended battery operating range. This will avoid signifi- 



cant degradation of battery life. 

[0016] In tlie control system of the previously identified co- 
pending application, a vehicle system controller deter- 
mines engine power based on the driver's demand and a 
battery power request. This assumes that noise factors 
such as part-to-part manufacturing variations and envi- 
ronmental factors do not affect the relationship between 
wheel torque and engine torque. The present invention 
will protect the battery from excessive charging or dis- 
charging by using a battery feedback control loop to cor- 
rect for variations that occur because of such noise fac- 
tors. The control system includes a transmission control 
module that estimates engine generated power based 
upon a driver demand for power. The estimated engine 
generated power, if it is not matched to total wheel power 
required, is supplemented by battery power as determined 
by a vehicle system controller. The battery power supplies 
the deficiency in the engine power thereby meeting the 
total wheel power demand. 

[0017] The total system loss can be varied because of several 

noise factors caused by part-to-part variations and envi- 
ronmental factors. The commanded power then may not 
include the needed battery power or the engine may not 



deliver the requested engine power. Since the engine 
power shortfall is supplied by the battery, noise factors 
result in battery usage that differs from that which is 
commanded by the vehicle system controller. The con- 
troller then changes the operation of the powertrain based 
upon the current battery state of charge. The battery us- 
age thus is increased and battery life is decreased. This 
condition is prevented by the present invention. 
[0018] In the system of the present invention the closed-loop 
control system calculates an error between the battery 
power request and the actual battery power. The con- 
troller then adjusts the real battery power request in ac- 
cordance with an energy management strategy, which 
changes the engine power request accordingly. The result 
of this is that the actual battery power is the same as a 
battery power request. In this way the closed-loop system 
of the invention minimizes unnecessary battery usage due 
to part-to-part manufacturing variations and varying en- 
vironmental factors. 
Brief Description of Drawings 

[0019] Figure 1 is a schematic representation of one embodiment 
of a hybrid electric vehicle powertrain incorporation of the 
invention, which includes a controller network, a genera- 



tor, an electric motor and planetary gearing, which estab- 
lish split-power flow paths to the traction wheels of the 
vehicle; 

[0020] Figure la is a schematic representation of another em- 
bodiment of a hybrid electric vehicle powertrain incorpo- 
rating the invention, which includes an engine, a genera- 
tor and a motor arranged in a series power flow path. 

[0021] Figure 2 is a schematic block diagram of a system power 
flow diagram corresponding to the powertrain of Figure 1; 

[0022] Figure 3 is a schematic block diagram of a closed-loop 
power control system for the invention; 

[0023] Figure 4 is a schematic block diagram of a hybrid electric 
vehicle powertrain wherein the motor and the battery act 
as a sole power source; 

[0024] Figure 5 is a schematic block diagram, similar to the dia- 
gram of Figure 4, wherein the engine is operating with a 
positive power split; 

[0025] Figure 6 is a schematic block diagram, similar to Figure 4, 
wherein the engine is on and the power flow has a nega- 
tive power split; 

[0026] Figure 7 is a schematic block diagram, similar to Figure 4, 
wherein the engine is on and the generator brake is on, 
thereby establishing a parallel power flow mode; 



[0027] Figure 8 is a flow diagram illustrating the software steps 
for carrying out the control functions shown in Figure 3; 

[0028] Figure 9 is a block diagram of a hybrid electric vehicle 
powertrain controller without a battery power feedback 
control loop; 

[0029] Figure 10 is a block diagram similar to Figure 9, but which 
includes a battery power feedback control loop; 

[0030] Figure 11 is a time plot of an engine power adjustment 
when there is an error between a battery power request 
and actual battery power at the instant of a transient op- 
erating condition; and 

[0031] Figure 12 is a time plot of an error between requested 
battery power and actual battery power. 
Detailed Description 

[0032] Throughout the description, reference will be made from 
time-to-time to the terms "negative battery power re- 
quest" and "positive battery power request." Assuming 
that there is a battery power request for charging, that re- 
quest will be considered to be a request for negative 
power. If the battery power request is for discharging the 
battery, that request will be considered to be a request for 
positive power. 

[0033] jhe hybrid electric vehicle powertrain of the embodiment 



of the invention shown in Figure 1 has a parallel, power- 
split configuration. A vehicle system controller 10, a bat- 
tery 12 and a transaxle 14, together with a motor- 
generator subsystem, comprise a control area network 
(CAN). An engine 16, controlled by controller 10, dis- 
tributes power through power input shaft 18 to transmis- 
sion 14. 

[0034] jhe transmission 14 includes a planetary gear unit 20, 
which comprises a ring gear 22, a sun gear 24, and a 
planetary carrier assembly 26. The ring gear 22 dis- 
tributes torque to step ratio gears comprising meshing 
gear elements 28, 30, 32, 34 and 36. A power output 
shaft 38 for the transaxle is drivably connected to vehicle 
traction wheels 40 through a differential-and-axle mech- 
anism 42. 

[0035] Gears 30, 32 and 34 are mounted on a countershaft, the 
gear 32 engaging a motor-driven gear 44. Electric motor 
46 drives gear 44, which acts as a torque input for the 
countershaft gearing. 

[0036] The battery delivers electric power to the motor through 
power flow path 48. Generator 50 is connected electrically 
to the battery and to the motor in known fashion, as 
shown at 52. 



[0037] When the powertrain battery 12 is acting as a sole power 
source with the engine off, the power input shaft 18 and 
the carrier assembly are braked by an overrunning cou- 
pling 53. A mechanical brake 55 anchors the rotor of gen- 
erator 50 and the sun gear 24 when the engine is on and 
the powertrain is in a parallel, fully mechanical drive 
mode, the sun gear 24 acting as a reaction element. 

[0038] In Figure 1, the vehicle system controller 10 receives a 
signal from a transmission range selector 63, which is 
distributed to transmission control module 67, together 
with a desired wheel torque signal, a desired engine speed 
signal and a generator brake command, as shown at 71. A 
battery contactor or switch 73 is closed after vehicle "key- 
on" startup. The controller 10 issues a desired engine 
torque request to engine 16, as shown at 69, which is de- 
pendent on accelerator pedal position sensor output 65. 

[0039] A brake pedal position sensor distributes a wheel brake 
signal to controller, as shown at 61. The transmission 
control module issues a generator brake control signal to 
generator brake 55. It also distributes a generator control 
signal to generator 50. 

[0040] As mentioned previously, there are two power sources for 
the driveline. The first power source is a combination of 



the engine and generator subsystems, which are con- 
nected together using the planetary gear unit 20. The 
other power source involves only the electric drive system 
including the motor, the generator and the battery, where 
the battery acts as an energy storage medium for the gen- 
erator and the motor. 
[0041] The driveline configuration of Figure la is a series hybrid 
powertrain having the same basic elements as the parallel 
powertrain of Figure 1. Those basic elements are identi- 
fied by the same numerals used in Figure 1, although 
prime notations are added to the numerals used in Figure 
la. 

[0042] The powertrain of Figure la has an engine 10 which is 
coupled directly to generator 50". A battery 12' serves as 
an electrical storage medium for generator 50", the battery 
being coupled electrically to motor 46'. The rotor of motor 
46' is connected directly to the power input side of trans- 
mission 20'. The power output side of the transmission is 
connected drivably to the traction wheels 40' through 
geared differential 42'. 

[0043] The power flow paths between the various elements of the 
powertrain diagram shown in Figure 1 is illustrated in Fig- 
ure 2. Fuel is delivered to the engine 16 under the control 



of the operator in known fashion using an engine throttle. 

Engine power delivered to the planetary gear unit 20 is 

expressed as T cjd , where T is engine torque and oo is 
e e e e 

engine speed. Power delivered from the planetary ring 
gear to the countershaft gears is expressed as T oo , which 
is the product of ring gear torque and ring gear speed, re- 
spectively. Power out from the transmission 14 is repre- 
sented by the symbols and oo^, the torque of shaft 38 
and the speed of shaft 38, respectively. 
[0044] jhe generator, when it is acting as a motor, can deliver 
power to the planetary gearing. Alternatively, it can be 
driven by the planetary gearing, as represented in Figure 2 
by the power flow path 52. Similarly, power distribution 
between the motor and the countershaft gears can be dis- 
tributed in either direction, as shown by the power flow 
path 54. Driving power from the battery or charging 
power to the battery is represented by the bi-directional 
arrow 48. 

[0045] As shown in Figure 2, engine output power can be split 
into two paths by controlling the generator speed. The 
mechanical power flow path, T^oo^, is from the engine to 
the carrier to the ring gear to the countershaft. The elec- 
trical power flow path is from the engine to the generator 



to the motor to the countershaft. The engine power is 
split, whereby the engine speed is disassociated from the 
vehicle speed during a so-called positive split mode of 
operation. This condition is illustrated in Figure 5, where 
the engine 16 delivers power to the planetary gearing 20, 
which delivers power to the countershaft gears 30, 32 and 
34, which in turn drive the wheels. A portion of the plane- 
tary gearing power is distributed to the generator 50, 
which delivers charging power to the battery 12. The 
speed of the generator is greater than zero or positive, 
and the generator torque is less than zero. The battery 
drives the motor 46, which distributes power to the coun- 
tershaft. This arrangement is a positive split. 

[0046] If the generator, due to the mechanical properties of the 
planetary gear unit, acts as a power input to the planetary 
gear unit to drive the vehicle, the operating mode can be 
referred to as a negative split. This condition is shown in 
Figure 6, where the generator speed is negative and the 
generator torque also is negative. 

[0047] The generator in Figure 6 delivers power to the planetary 
gear unit 20 as the motor 46 acts as a generator and the 
battery 12 is charging. It is possible, however, that under 
some conditions the motor may distribute power to the 



countershaft gearing if the resulting torque at the wheels 
from the gearing does not satisfy the driver demand. Then 
the motor must make up the difference. 
[0048] If the generator brake 55 is activated, a parallel operating 
mode is established. This is shown in Figure 7, where the 
engine 16 is on and the generator is braked. The battery 
12 powers the motor 46, which powers the countershaft 
gearing simultaneously with delivery of power from the 
engine to the planetary gearing to the countershaft gear- 
ing. 

[0049] The first source of power can deliver power only for for- 
ward propulsion because there is no reverse gear in the 
countershaft gearing. The engine requires either genera- 
tor control or a generator brake to permit transfer of 
power to the wheels for forward motion. 

[0050] The second source of power, previously described, is the 
battery, generator and motor subsystem. This is illus- 
trated in Figure 4. In this driving mode, the engine is 
braked by overrunning coupling 53. The electric motor 
draws power from the battery and effects propulsion in- 
dependently of the engine, with either forward or reverse 
motion. The generator may draw power from the battery 
and drive against reaction torque of one-way coupling 53. 



The generator in this mode operates as a motor. 
[0051] As previously indicated, the two power sources are inte- 
grated so that they seamlessly work together to meet the 
driver's demand for power without exceeding the system's 
power limits, including battery limits, while maintaining 
optimum powertrain efficiency and performance. The sys- 
tem will determine the driver's demand for power and 
achieve the optimum split of power between the two 
power sources. If the battery limits are exceeded and the 
battery voltage is outside of a specified range, powertrain 
system shutdown may occur. In order to avoid this condi- 
tion without limiting the maximum vehicle performance, 
the present invention coordinates the two power sources 
using a closed-loop power control. A schematic represen- 
tation of the closed-loop power control is shown in Figure 
3. This ensures a proper coordination between the two 
power sources. 

[0052] Figure 3 is a block diagram for the closed-loop powertrain 
control system for the embodiment shown in Figure 1 as 
well as the embodiment of Figure la. It properly dis- 
tributes total power request, which is the sum of the 
driver demand and the battery discharge and charge 
power request to the two power sources. 



[0053] Figure 3 includes a first controller 58, which is a closed- 
loop PID controller that prevents actual battery power 
from exceeding defined limits. A second PID controller 60 
ensures that the battery is being charged or discharged 
accordingly by adjusting the engine power command. 

[0054] The control system shown in Figure 3 calculates the driver 
power demand (P ) based on the driver torque demand, 

drv 

T , and wheel speed u) . The driver torque demand 

driver wheel 

is derived from accelerator pedal position using trans- 
ducer 62. The wheel speed is obtained by a wheel speed 
sensor. The product of the wheel speed and the driver 
torque demand determines the driver power demand P^ , 

drv 

as shown at 64. 

[0055] Losses, P , are electrical powertrain losses, which com- 

loss 

prise motor losses and gearing losses (i.e., P = P (t 

loss motor 

, (JO )). After the electrical losses are accounted for 

motor motor 

at 68 and the maximum system limits are determined at 
66 and the actual engine output power is determined at 
70, the control system determines the battery power de- 
sired (P ) that is within the battery limits. The engine 

elec_des 

power command (P ) is tested at 72 to determine 

eng_comd 

whether it is within engine capability. 
[0056] The actual battery power (P ) at 74 is used as a 

batt_actual 



feedback for controller 58 to ensure, by determining 
modified battery power desired (P ) as shown at 76, 

elec.mod 

that the actual battery power satisfies battery power de- 
sired (P ). Therefore, the actual battery power does 

elec_des 

not exceed battery limits. 
[0057] The control system algebraically adds the values P 

elec_mod 

and P to determine the allowed driver de- 

eng_output_power 

mand P . This sum will ensure that the maximum 

mod.drv 

system capability is achieved without violating battery 
limits. 

[0058] The control system calculates wheel torque command T 

wheel 
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which is the driver torque command as limited to the sys- 



tern limits. 

[0059] The second PID controller 60 (shown in Figure 3), as ex- 
plained previously, adjusts the engine power command P 

eng.comd 

to ensure that the battery power request P for an 

batt_req 

optimal energy management strategy is achieved. 
[0060] The first controller 58 may have a faster response than 
the second controller 60 to ensure control system stabil- 
ity. 

[0061] If it is assumed, for example, that in a steady-state oper- 
ating mode a driver requests 50kw of power, after ac- 
counting for the electrical losses at 68, and the engine 
power output at 70 is 50kw, the battery power desired (P 
) will be zero. The battery power desired (P ) 

elect_des elect_des 

is the difference between the value at comparator 66 and 
the engine output power at 70. Depending upon whether 
the electrical loss estimate is equal to the actual electrical 
loss, it is possible within steady-state operating condi- 
tions, that the output of controller 58 will be zero. This 
would cause the power at summing point 80 in Figure 3 to 
be 50kw. 

[0062] if^ for example, the driver requests a change from a power 
level of 50kw to a power level of 70kw after accounting 
for electrical losses, and the engine limit is 50kw, the bat- 



tery will be called upon to supply 20kw. If actual battery 

power 74 is close to the battery power demand as limited 

by the comparator at 82, the value for P will be 

elec_mod 

equal to or less than 20kw. The two values are summed at 
80 to produce the desired wheel torque T 

wheel 

[0063] If the actual battery power 74 exceeds the battery power 
demand permitted by the comparator 82, the value for P 

elec.mod 

will be reduced at comparator 82 so that the value for P 

mod.drv 

will be smaller, thereby ensuring that the battery power 
optimal energy management strategy is satisfied. 
[0064] The software strategy for implementing the closed-loop 
power control of Figure 3 is shown in Figure 8. At the be- 
ginning of the control routine, the various input signals 
are read, which include a driver torque command, the 
wheel speed, the battery power request, the actual battery 
power engine ignition, engine output power, electrical 
loss and system power limits. Monitoring these input val- 
ues occurs at step 83 in Figure 8. Having received the in- 
put values, the driver power demand is calculated at 84. It 
then is determined at 86 whether the driver demand for 
power, plus the electrical losses, is less than or equal to 
the system maximum limit. If that power demand is not 
less than or equal to the system maximum limit, the 



driver power demand is set at 88 to a value equal to the 
maximum system limits. 

[0065] If tiie inquiry at 86 is positive, a similar test is made at 
step 90, where it is determined whether the driver de- 
mand for power, plus the electrical losses, is greater than 
the minimum value established at 66. If the inquiry is 
negative, the prior demand for power, plus the electrical 
loss, is set at 92 to a value equal to the system minimum 
limits. If the inquiry is positive, the routine will calculate 
the electrical power desired, as shown at 94. 

[0066] The magnitude of the electrical power desired is equal to 
the difference between the driver demand for power and 
the engine output power, as shown at 94. If the electrical 
power desired is less than or equal to the maximum bat- 
tery power permitted by the comparator 82, as shown at 
96 in Figure 8, the routine will proceed to step 98, where 
it is determined whether the electrical power desired is 
greater than or equal to the battery power minimum limit. 
As in the case of the steps shown at 88 and 92, the elec- 
trical power desired is set at the battery maximum or 
minimum limits at 100 or 102, respectively, if the inquiry 
at either 96 or 98 is negative. 

[0067] If the inquiries at 96 and 98 are positive, the modified 



battery power desired P is calculated by the energy 

elect_mod 

management control module, as shown at 104. The value 
for P is equal to the sum of the values determined 

mod_drv 

at 70 and 76 in Figure 3. Torque at the wheels is equal to 
P -=-wheel speed, as shown at 106. 

mod.drv 

[0068] The control routine for the second controller 60 and the 
comparator 72 begins by determining whether the engine 
is on or off, as shown at 108. This occurs simultaneously 
and parallel to the sub-routine beginning at 94 in Figure 
8. If the engine is off, the routine will exit, as shown at 
110. If the engine is on, the engine power command is 
calculated, as shown at 112. The second controller 60 re- 
ceives at 115 the algebraic sum of the values for the re- 
quested battery power at 114 in Figure 3 and the actual 
battery power 74. If the calculated value for commanded 
engine power is less than or equal to the maximum en- 
gine power limit, as determined at 115, the routine will 
proceed to test the minimum engine power limit for en- 
gine commanded power at 116. The calculations for en- 
gine commanded power at 118 and 120 are similar to the 
calculations that occur at steps 88 and 92 and at steps 
100 and 102. 

[0069] As seen from the foregoing description, the engine power 



is determined by the driver's demand for power and by 
tlie battery power request while tal<ing the engine static 
torque and speed characteristic and the generator and 
motor losses into consideration. If there is a difference 
between the actual engine characteristics and the engine 
characteristic used for engine power determination at the 
vehicle system controller, that difference may be due to 
part-to-part variations or other factors, such as environ- 
mental factors. Under these conditions, the vehicle system 
controller may command insufficient power from the en- 
gine, which would result in a battery power request that is 
unnecessarily high. On the other hand, if the vehicle sys- 
tem controller commands too much power as a result of a 
transient reduction in engine output torque, for example, 
the battery would be charged unnecessarily. 

[0070] Regardless of whether the battery is being discharged or 
charged as a result of environmental or transient influ- 
ences, the battery usage is higher than the intended usage 
and the battery life is adversely affected. 

[0071] Figure 9 shows an open loop control that does not distin- 
guish between the actual battery power and the battery 
power request. A driver torque demand, which is based 
upon the accelerator pedal position at 69 is transferred to 



the energy management strategy module generally identi- 
fied in Figure 9 at 104, wliich controls an engine torque 
command for the controller 10. The transaxle control 67 
receives an engine speed command, awheel torque com- 
mand, and a generator brake command from the energy 
management strategy module at 104. 

[0072] In the case of the present invention, the block diagram of 
Figure 9 is augmented to include controller 60 and an ac- 
tual battery power feedback, as shown at 107 in Figure 
10. If there is a difference between the actual battery 
power and the battery power request, that difference is 
measured at summing point 109 in Figure 10 and is indi- 
cated as an error, shown in Figure 12 as a value "A. In Fig- 
ure 12, the error may begin at time T^=0 and end, for ex- 
ample, at time T2. 

[0073] The error A is transferred to the vehicle system controller 
10, and an engine power adjustment is calculated in ac- 
cordance with the algorithm: 

[0074] Y=K X A+ K jAdf. 
P i 

[0075] During the time interval that the error exists, the value for 
Y increases, as indicated in Figure 11. The error finally 
reaches a zero value at 117; i.e, the slope of the plot 
shown at 119, which results from the engine power ad- 



justment integration, changes to zero as sliown at 121. 
Tliereafter, tlie battery power request equals the actual 
battery power. 

[0076] This power adjustment can be illustrated in the following 
examples. In a first example, it will be assumed that the 
power command by the driver P at time T is 50kw. If 

drv 1 

the value P at 80 in Figure 3 also is 50kw, there is 

mod_drv 

no need to issue a battery power request, so the value P 

batt.req 

Is zero. The engine power command P under these 

eng.com 

circumstances is 50kw plus P . In this example, it will be 

loss 

assumed that the power loss is lOkw. Thus, the total en- 
gine power command would be 60kw. The engine power 
output at 70 in Figure 3, at time t^ then would be 60kw. 
The battery then is neither being charged nor discharged. 
[0077] If, at a later instant at time t^, the engine power command 
should increase to 70kw rather than remaining at 60kw, 
the battery power request would be lOkw, assuming that 
the driver command for power at 64 in Figure 3 remains 
at 50kw. Thus, at time T the engine power output P 

2 engine_output_pow 

is 70kw, the battery power is lOkw and the battery is in a 
charging state. This results in an additional load on the 
engine. The output power P at 80 in Figure 3 thus 

mod_drv 

remains at 50kw. 



[0078] If it is assumed that at a later instant t^ the engine power 
output should drop from 70kw, for some reason such as 
environmental variations, to a value of 65kw, the battery 
will be charged at a lower rate because then there will be 
an error A. The value A is the difference between the bat- 
tery power request and the actual battery power. Again, 
an engine power adjustment is made in accordance with 
the algorithm shown in Figure 11. The battery charge then 
is -5kw. It thus is seen that a change in engine power will 
not result in overcharging the battery. 

[0079] In a second example, it will be assumed that the system is 
operating at time t^ with a driver demand for power of 
50kw. As in a previous example, the battery power re- 
quest again is zero. A power loss, as in a previous exam- 
ple is lOkw, so the engine power command P is 

eng.com 

60kw. The engine output power is 60kw and the value for 
P , , at 80 is 50kw. 

mod_drv 

[0080] If it now is assumed that at a later instant t^ the engine 
power output drops to 50kw, the battery will be called 
upon to supply lOkw, which causes the battery to be dis- 
charged. The value for P is still 50kw, but there is a 

mod_drv 

difference of lOkw between the battery power request and 
the actual battery output. The algorithm of Figure 11 



again is called upon to reduce the error until at time t^ the 
error becomes zero, as shown at 116 in Figure 11. The 
engine command was increased to 70kw before the inte- 
gration of Figure 11 takes place. Following the integra- 
tion, the error A becomes zero, so the engine power out- 
put can be returned at t^ to 60kw. As in the first example, 
the value for P remains at 50kw while the transient 

mod_drv 

condition exists. 
[0081] Although embodiments of the invention have been de- 
scribed, it will be apparent to those skilled in the art that 
modifications may be made without departing from the 
scope of the invention. All such modifications and equiva- 
lents thereof are intended to be covered by the following 
claims. 



